P
eople with hepatitis C virus (HCV) have a 2% annual risk and a 7% to 14% five-year risk for hepatocellular carcinoma (1-3), a tumor with an estimated median survival duration of 4.3 to 20 months after diagnosis (4 -7). Some studies suggest a possible survival advantage when small tumors are detected (8, 9) , but no randomized, controlled trials of screening for hepatocellular carcinoma in patients with HCV have been conducted.
Although the National Cancer Institute currently recommends against screening for hepatocellular carcinoma (10) , many physicians currently screen high-risk populations with various strategies, including serum ␣-fetoprotein (AFP), ultrasonography, and computed tomography (11) . The use of AFP, a tumor marker variably secreted by hepatocellular carcinomas, to detect these tumors has been widely debated (12) (13) (14) . Many conclude that AFP is not a useful diagnostic test (12, 15) , but AFP continues to be commonly used (11) . To determine a summary estimate of the test characteristics of AFP for detecting hepatocellular carcinoma in patients with HCV, we conducted a systematic review.
METHODS

Study Search Protocol
We performed a MEDLINE search from 1966 through December 2002 for English-and non-Englishlanguage articles using the following search terms: hepatitis C, hepatocellular carcinoma, screening, diagnosis, alpha-fetoprotein, sensitivity, and specificity. Bibliographies of all reviewed articles were searched to identify additional relevant titles. Titles that mentioned hepatocellular carcinoma or HCV and screening were identified for abstract review. Abstracts that described the use of AFP as a diagnostic or screening test for hepatocellular carcinoma were marked for full article review.
Inclusion and Exclusion Criteria
Study designs accepted for analysis included randomized, controlled trials, cohort studies, or case-control studies that used AFP to detect hepatocellular carcinoma in HCV-infected patients with or without cirrhosis. We required that the authors report sensitivity and specificity for the use of serum AFP (or data sufficient to calculate these test characteristics) and that they identify some gold standard for diagnosis.
Computed tomography, magnetic resonance imaging, histopathology, and disease-free time greater than 2 years were considered adequate gold standards. Ultrasonography was not considered an adequate gold standard because its sensitivity for hepatocellular carcinoma is controversial (12, 14, 16, 17) .
Studies were excluded from analysis if the cause of viral hepatitis was unclear, if at least 50% of the study patients did not have HCV, and if the same data were presented in a separate article by the same investigators.
Data abstracted were study design, cause of hepatitis, whether the AFP test was used for diagnosis or screening, type of gold standards used, percentage of the study sample with cirrhosis, and reported sensitivity and specificity of AFP for detecting hepatocellular carcinoma.
Analysis
To grade the quality of evidence for use of serum AFP as a screening test for hepatocellular carcinoma in patients with HCV, we independently determined study design, whether application of the gold standard for each study was blinded to AFP result, whether the patient selection was independent, the type of gold standard implemented, and presence of partial verification bias. Disparity in grade was resolved by discussion and consensus among all three authors.
RESULTS
A total of 1239 titles were identified, 55 relevant abstracts were reviewed, and 18 articles were identified as potentially relevant. Five studies met all inclusion criteria and were included in the analysis (15, 18 -21) . Of the 18 potentially relevant articles, 5 were excluded because they were uncontrolled case series (22-26), 6 were excluded because most study patients did not have HCV (27-32), 1 was excluded because it did not identify the cause of hepatitis in all study patients (33) , and 6 were excluded because they did not provide both sensitivity and specificity data for AFP in their study sample (8, 34 -38) . Characteristics of the 5 studies meeting all inclusion criteria and no exclusion criteria are shown in Table 1 (15, 18 -21) .
Two studies were prospective cohort studies (15, 18) and 3 were case-control studies (19 -21). One study (15) universally applied an acceptable gold standard test to both case-patients and controls, and each study used a different gold standard. Table 2 presents abstracted sensitivity and specificity data and abstracted or calculated positive and negative likelihood ratios for the diagnosis of hepatocellular carcinoma at an AFP cutoff value of 20 g/L. This cutoff value was chosen because each included article provided data for a cutoff value of 20 g/L, and an AFP level of 20 g/L is considered a level that prompts further testing (19). Other cutoff values were not reported in every article. Exclusive data for patients with HCV were available for all studies but one (18) ; for the latter study, only combined data for patients with HCV and hepatitis B virus were available.
Sensitivity of AFP levels higher than 20 g/L ranged from 41% to 65%, while specificity ranged from 80% to 94%. Positive likelihood ratios for AFP levels higher than 
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Test Characteristics of ␣-Fetoprotein 20 g/L ranged from 3.1 to 6.8 and negative likelihood ratios ranged from 0.4 to 0.6. Table 3 shows the sensitivity and specificity data for an AFP cutoff value higher than 200 g/L, a value that is frequently reported to be specific for the diagnosis of hepatocellular carcinoma (19, 21). Four of the 5 studies reported sensitivity and specificity for this cutoff value. The range of specificities was very high at this cutoff value (99% to 100%), but the sensitivity was very low (20% to 45%).
DISCUSSION
Our systematic review of the literature shows that the quality of evidence describing the characteristics of AFP as a diagnostic test for hepatocellular carcinoma in patients with HCV is limited. Three of the reviewed studies were case-control studies (19 -21), which potentially overestimate the sensitivity and specificity of the test in question (39, 40). In contrast, cohort studies are less susceptible to bias because they are more likely to include patients with a varying spectrum of disease, particularly those patients who present more subtly, and therefore more closely reflect the manner in which a test will be implemented in clinical practice (39).
Two studies (15, 20) may have partial verification bias, which occurs when the result of the test being evaluated (in this case, AFP or ultrasonography) influences the decision to administer the gold standard test (39, 40) . This may falsely elevate sensitivity and specificity (39). Four of five studies (18 -21) applied a gold standard of uncertain validity to both case-patients and controls, resulting in a possible underestimation of disease prevalence and an unknown ultimate effect on sensitivity and specificity. Blinding was not reported in four studies (15, 19 -21) and may have affected interpretation of gold standard test results. Without systematic blinding, investigators may be more vigilant in applying gold standards to those patients with positive test results and thereby falsely elevate specificity (39, 40). Finally, four studies (15, 18, 20, 21) included patients with and without cirrhosis. Patients with cirrhosis have a higher risk for cancer (41) but commonly have elevated levels of AFP thought to be unrelated to hepatocellular carcinoma (42), leading to an unknown effect on sensitivity and specificity. Notably, one excluded study reported sensitivity of 80% and specificity of 95% for AFP levels higher than 10 g/L applied to a subgroup of patients with histologically severe liver injury (35) .
Given the significant concerns about the validity of the data generated by the studies reviewed, we could not calculate conclusive summary estimates of the sensitivity and specificity of AFP as a diagnostic test for hepatocellular carcinoma. The biases previously mentioned that affect the reported sensitivities and specificities tend to overestimate the utility of AFP as a diagnostic test, but to guide current interpretation of AFP in practice, we can consider the use of this test if these "best-case" estimates are true.
The most common use of AFP is to screen for hepatocellular carcinoma in asymptomatic patients with HCV. In this scenario, reported prevalence data indicate a pretest probability of hepatocellular carcinoma in patients with HCV is 5% to 12% (41, 43) . Using a prevalence of 5% with the range of positive likelihood ratios for an AFP level higher than 20 g/L (3.1-6.8), results in a post-test probability of 14% to 25%, while an AFP level lower than 20 g/L results in a post-test probability of 2% to 3%. Although a post-test probability of 25% would prompt further work-up with imaging, a post-test probability of 2% is unlikely to be reassuring enough to preclude the use of other screening strategies, including ultrasonography or computed tomography.
The other common use of AFP involves the evaluation of patients presenting with one or more high-risk features, including a hepatic nodule (found incidentally or with a screening test) or decompensated liver failure. Data for AFP at higher cutoff values, such as an AFP level higher than 200 g/L ( Table 3) , suggest that AFP, although not sensitive, can be highly specific for hepatocellular carcinoma. A low AFP level (Ͻ200 g/L) would not be informative enough to stop further search for hepatocellular carcinoma, but an AFP level higher than 200 g/L would strongly suggest that cancer is present, allowing for earlier counseling of a patient.
In addition to the quality of articles reviewed, our review is limited in two aspects. One of the articles reviewed did not exclusively analyze sensitivity and specificity data for patients with HCV independent of those patients with hepatitis B virus (18) . Some studies have shown that AFP has different test characteristics in patients with hep- atitis B virus than in those with HCV (44, 45) , but the sensitivities and specificities in this study (18) were within the range of values reported by the other studies analyzed, which included only patients with HCV. Finally, we accepted computed tomography as a gold standard for diagnosing hepatocellular carcinoma. Two studies of pretransplant triphasic helical computed tomography in detecting hepatocellular carcinoma in the explanted liver reported sensitivities of only 59% and 80% for computed tomography (29, 46) . Two studies in our review may have underestimated the rate of hepatocellular carcinoma in their study sample because computed tomography scan played a key role in their diagnostic algorithm (15, 20) . This potential bias has an unknown effect on the reported sensitivity and specificity.
CONCLUSION
Current studies examining the test characteristics of AFP for diagnosing hepatocellular carcinoma in patients with HCV have substantial methodologic limitations, making it difficult to define clear estimates of sensitivity and specificity for this test. With use of best-case estimates of sensitivity and specificity, AFP seems to have limited utility in identifying hepatocellular carcinoma in patients with HCV. A prospective study done with careful attention to limitation of bias is clearly needed to define whether any screening strategy can provide clinically important benefits.
